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Title of Project and Objectives 

Comparative biochemical study of the  intermediary carbohydrate metabolism 

of Clostridium perfringens   (BP6K), a strict anaerobe, and Bacillus subtilis 

(Marburg),  a strict aerobej elucidation of the mechanisms  of fomentation and 

respiration in both organisms j  characterisation of the effect of nutrition on 

both types  of metabolic mechanisms. 

Introduction 

The work accomplished since the last report   (Report No.  1,  1 March - 1 June, 

1952)  is described below?    These reports represent, therefore, the first six 

months' v:ork on this  contract* 

Personnel involved 

In addition to the principal ir.vostigator   (R.  C. Bard),  a research assistant 

was  involved, the latter on a full-time basis.    The assistant's position was held 

by J.  K.  Martin, B.S., M»S., until 15 August 1952 when he resigned to return to 

his home  in New Zealand.    A replacement was  obtained subsequent to the period of 

this report.    Pursuing related problems are two graduate students,  one working 

with C. perfringens   (K. Shankar, B.3., A.M.) and one with B. subtilis   (R. E. 

Klausmeier., A.,E»)'    Although the latter personnel do not constitute part of the 

project,  serve of their dsta are  included herein since these relate to the basic 

problems being studied. 

The radioisotope data described in this report were  obtained by R.  C. Bard 

while conduct ins research as a Research Collaborator in the laboratory of Dr. 

Hartin Gibbs, Biology Department, Brookhaven National Laboratory, Upton, New 

York, from 16 June to 1 September 1952*    Gratitude to the installation mentioned 

is recorded here since training in the field of isotope research was thereby 

obtained and certain aspects  of the problem under investigation were studied 

which otherwise could not have been pursued. 
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Summary of Results 

Part I.    Clostridium perfringens 

Studies pertaining to the fermentation and respiration of this   organism were 

continued* 

Inoculum.    As  indicated previously (see Report No.  1), the history of the 

inoculum plays an important role in determining the vigor of fermentation and 

respiration of cultures derived from various types  of inoculum.    Accordingly, 

the procedure adopt'.d for subsequent work involved use of a 12 hours old, heart 

infusion broth oultura  inoculum for the Medium A cultures used to study fermenta- 

tion and respiration.    This prcceckiro assures resting cel-s with high fermentative 

and respiratory acfai-vitiesr 

Dissimilatory balanca?»    A nuxbe.' of additional balances, using glucose as 

the substm*-<=!; were performed*    Although moderate quantitative variations  in the 

amounts of end-products formed, either by fermentation or respiration, were noted 

the patterns .of dissimilation described previously (see Report No* l) do not 

change in any significant manner.-    Anaerobically, the major end-products are 

hydrogen,  carbon dioxide, ethaaol and acetic acid with traces  of lactic and 

butyric acids .«    Aarobicaljy, hydrogen formation is replaced by oxygen consumption 

(though fermentation dots proceed in aiv  if large quantities  of cells are used), 

while  carbon dioxide formation remains essentially the same as' in fermentation^ 

less ethanol is formed aerpbically with a roughly corresponding increase  in 

acetic aoid formation? only traces of lactic and butyric acids are found*    If 

instead of using 5 hours  old resting cells  — as was employed routinely for the 

above balances  ~ II4.-I5 hours old resting cells are used, considerable amounts  of 

pyruvic acid accumulate,  and traces  of methylglyoxal are also found. 

Substrates  other than glucose.    Neither young  (5 hours  old), nor old  (11+ 

hours old) cells,  grown in the presence of glucose,  oxidize mannitol, sorbitol, 

galactose,  gluconic acid, ribose, xylose or arabinosei slight respiratory 
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activity was noted with sucrose and lactosei with fructose  and maltose, 

respiration does  occur but only between l/5 to 1/2 the rate noted with glucose* 

Inhibitors.    Study of the effect of inhibitors on glucose fermentation, and 

respiration was  initiated.    Sodium fluoride   (up to O.Oii M) does not affect glucose 

fermentation nor   (up to 0.01 M) glucose  oxidation.    Sodium iodoacetate,  at a level 

of 0.001 II,  completely inhibits fermentation whereas 0.01 M is required to impede 

respiration significantly.    Sodium azide   (up to 0.1 M)  impedes fermentation and 

respiration only moderately?    The motal chelating agent ajJ.O#-dipyridyl, at a 

level of 0o003 M,  completely inhibitc formentation and respiration, as would be 

expected from the previous knowledge that this   organism contains a metallo-aldolase 

(Bard and Gunsalus;,  1(>50). 

Sadioisotope data0    Using glucose-l-C^-*- as substrate,  it was found that none 

of the carbon dioxido formed during fermentation and respiration contains C^-. 

The methyl carbon of the acetic acid isolated from such reaction mixture;,  contains 

C*^| the carboxyl carbon is unlabeledo    Using glucose-3* i|.-C^*-, only one-half the 

C-"+ was  isolated in the carbon dioxide formed during fermentation and respiration. 

These data,  still far from complete,  arc  adequate, however, to indicate that this 

--organism possesses a pathway of gluccse dinsimilation unlik) any previously 

descibod.- 

Motallic ion nutrition  (by K. Shankar).     Continued study of Mg'f*-deficient 

cells has revealed that such cells ferment glucose with the same production of 

hydrogen and carbon dioxide as cells  grown in medium containing optimal quantities 

of Mg++.    Addition of Co++ to resting cells, Mg++ -sufficient  or -deficient, does 

not affect gas production*    However,  growth of Mg++ -deficient cells  in the 

presence of Co++ impedes growth considerably and yields cells incapable of grseous 

fermentation* under these conditions, glucose  is fermented to lactic acid.    Such 

an effect suggests that Co++ interferes with the synthesis  of the enayme system 

responsible for the formation of hydrogen and carbon dioxide. 
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Part II.    Bcoillus subtilis   (by R, E. Klausmoier).    H WQS previously 

reported   (see Report No*  l) that several amino acids were dupable of inducing 

fermentation of glucose by cells  grown in a simple inorgan}"3 nitrogen medium 

and which are incapable of fermentation    Subsequent study revealed that pyruvio 

acid,  acetylffiothyloarbinol or diacetyl induce fermentation as  do certain ammo 

acids,  suggosting that whan the latter substances are used ms  stimulants, their 

effect  is  attributable to the pyrvvic acid formed therofrof    Indeed, pyruvic 

acid ia -probably stimulatory because acetylmethylcarbinol l* **ormed Qnd is *he 

actual atilea!;,*ory cubsta-icoo    It would appear that f armen* Qtlon is induced by 

#>ese compounds  beonute tha latter sarre as hydrogen accep*ors*    •riie passage  of 

hydroggs dtirl..- .ffernarita:: Lcn may bo the rate limiting stop and the addition of a 

hydrogen acceptor o^er^cmsr this  djfi^icnoy* 

Plans for Future 

(1)  L'onfcisiua radioisotopic studies,  in collaboration &m tfr* Martin Gibbs, 

BrookhaVsn Hational Laboratory*    At present, facilities hefe mB inadequate for 

s^uch studies but^steps" are b^ing taken to remedy this situ^itm' 

(t$ ^r^ectigste further the  effect; cf metabolic inhibkfcors <**> the fermenta- 

tive and xopprlratory SBechan&s»re cf CJ parfringens-. . 

(3)  Qorjfciaus «ra:dy or the effect of Co-* on the meohtP-^^ of S^s formation 

in G* p_2£fringens« 

(h) Determine the effect of hydrogen acceptors on glu0086 fermentation by 

B, subtilisa 

' Seferaaoeg eitad 

BARD, E*C, and GuTTSALBS, I*q.    1950   Slucose metabo#8'a ^H^MISlS 

perfriagana t    existence of a matallw^lWtolMiV   J* !&'*%*» |£* 3®T*400» 

Reports and Publications 

None for this report peri©4» 
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